Cluster analysis was used as a tool to classify chickpea growing environments. Data on time to flowering (days) and seed yield (kg ha-') for two chickpea international yield trials developed by ICARDA and ICRISAT, and conducted by cooperating scientists during 1985-86 and 1986-87 were used for this study. The GENSTAT hierarchical, agglomerative clustering programme was employed with correlation coefficient as the distance measure and single linkage as the clustering strategy. Results revealed that by characterization of locations, the genotype x location interaction within a cluster/zone was minimized. From the classification, it appears that selection for performance at Tel Hadya-the main research station at ICARDA in Syria -should be relevant to much of Syria, the drier areas of Algeria and parts of the Iberian Peninsula. In absence of sufficient data and high degree o~ season-to-season variability in weather patterns it was not possible to indicate other key sites which could provide an opportunity for selection of materials for specific adaptation in a group of environments or a zone.
Introduction
Chickpea (Cicer arietinurn L.) is grown in diverse conditions of moisture supply, temperature, soil type, crop management, and biotic stress in West Asia, North Africa, Mediterranean Europe, and Latin America. Within these environments, it is cultivated primarily in rainfed areas receiving 350 mm to 600 mm of average annual precipitation. ICARDA (International Center for Agricultural Research in the Dry Areas), together with ICRI-SAT (International Crops Research Institute for the Serrrb-Arid Tropics), are invotved i~ kabuli chickpea improvement. One way fo improve the efficacy of a breeding programme to help national agricultural research systems in such diverse environmental conditions would be to identify relatively homogeneous regions and develop cultivars to meet the specific requirements of each region. To date, no objective sub-division of chickpea growing areas seems to have been carried out, although Malhotra et al. (1985) identified major divisions on the basis of feed-back of results from various cooperators from different parts of the world. Mulitze et al. (1987) reviewed the various approaches to stratify environments into sub-regions. Cluster analysis based on differential grain yield responses of a set of genotypes has been the most widely used technique. Abou- E1-Fittouh et al. (1969) were among the first scientists who applied cluster analysis to classify the cotton variety trial sites in the U.S.A. and advocated the use of the technique for stratification of environments into sub-regions. Later this technique was used by others (Byth et al., 1976; Ghaderi et al., 1980; Imrie et al., 1981; Fox et al., 1985; Imrie & Shanmugasundaram, 1987) . Since such information is not available for chickpea, an attempt was made to classify the chickpea growing environments of West Asia, North Africa, Mediterranean Europe, and Latin America into regions based on differential yield responses and if possible to select a group of representative locations as key selection sites within or across countries and concentrate selection work on each group of environments independently.
Materials and methods
Data from the Chickpea International Yield TrialWinter-Mediterranean Region (CIYT-W-MR), which was assembled at ICARDA by the ICAR-DA/ICRISAT chickpea breeding programmes and distributed from Aleppo, Syria, to various cooperators during 1985-86 and 1986-87, were used. The CIYT-W-MR was grown by national programmes in a randomized complete block design with four replicates and mostly with a plot size of 4.8 m 2 (4 rows each, 4-m long, spaced 30 cm apart). There were 24 entries, including a local check determined by each cooperator. The entries had performed well in at least two years of yield testing at Aleppo, Syria, and also in unreplicated screening nurseries in some countries. The data on seed yield (kg ha -1) and time to flowering (days) from 37 sites in 1985-86 and 39 sites in 1986--87 and for time to flowering from 29 sites in 1985-86 and 32 sites in 1986--87 reported by cooperators from West Asia, North Africa, Mediterranean Europe, and Latin America were used for the analyses (Table 1) . Eleven of the test entries and 22 of the growing locations were common in the two seasons. A detailed description of the trial sites and entries as well as data reported by cooperators are given in the International Nursery Reports (Anon. 1988 (Anon. , 1989 . Throughout this text, the code numbers assigned to each location in Table 1 have been used instead of location names.
The GENSTAT hierarchical, agglomerative clustering programme (Genstat 5 Committee 1988) was employed. The data analyses have shown that clusters formed on the basis of correlation account more for G × E interaction compared to normallyused Euclidean distance. Furthermore the single linkage is most frequently used technique for clustering and GENSTAT works for even negative values of correlation setting them to zero as similarity values, while average linkage as a technique does not work. Thus correlation coefficient as the distance measure and single linkage as the clustering strategy were used. Similarity values were estimated from the correlations such that correlation (r) with value 1.00 is equated with 100% similarity and r -0.0 is equated with 0% similarity. The data on seed yield and time to flowering of each entry in each site, excluding the national or local check, were analyzed. To have a manageable number of clusters, the dendrogram was truncated or cut at an arbitrarily chosen level of similarity keeping to some extent agrometerological similarity of environments in mind.
Results and discussion
The combined ANOVA for seed yield for 23 genotypes at 37 locations and 39 locations, during the 1985-86 and 1986-87 seasons, respectively, is given in Table 2 . The mean squares due to genotypes (G), locations (L), and genotype by location (G × L) interaction were highly significant in both years. Further, the combined ANOVA for 11 common genotypes across 22 common and 30 non-common locations in two years (Table 3 ) also confirmed the presence of highly significant differences due to locations, genotype x location (G × L) and genotype × location × year (G × L x Y) interactions. The outcome in further analysis minimized the effect of genotype x location interaction and maximized the recovery of information on the performance of genotypes within environments. 
Cluster analysis
The dendrogram (Fig 1) , which illustrates the outcome of cluster analysis based on yield correlations as similarity indices for the 1985-86 trials, shows that two locations, Jindiress and Heimo in Syria, were the first to form a cluster at the 85% similarity value; at the 75% similarity value, two more locations, Menzel Temime (Tunisia) and Tel Hadya (Syria) were added into this cluster There were large differences between mean seed yields at these four locations (Table 1) (52), and Surbata in Columbia (7). In the grouping on yield, three locations, namely Surbata in Columbia (7), Ras Rajel in Tunisia (48), and hmir in Turkey (52), were quite distinct and were amalgamated at low similarity index values. The dendrogram based on time to flowering (Fig. 2) revealed that a large number of locations amalgamated in a similar way to that for seed yield. A few locations such as Beqa'a in Lebanon (19), Badajoz in Spain (27) and AI-Ghab in Syria (32) amalgamated at earlier stages on time to flowering (Fig. 2) than on a seed yield basis (Fig. 1) . The Table 3 . Analysis of variance for seed yield for 11 common chickpea genotypes in different locations combined over 1985-86 and 1986-- strongest grouping for both characters, but especially for time to flowering, included mainly locations in West Asia (Jordan, Syria, Lebanon) and southern Europe (the Iberian Peninsula and Greece). As for its seed yield, Surbata was also an outlier for time to flowering. In the seed yield data for 1986-87, clustering of locations was initiated earliest at 70% similarity values (Fig. 3) when two clusters were formed each with two locations, Terbol in Lebanon (20) , and Catania in Italy (14) , in the first case, and Madrid in Spain (30), and hra'a in Syria (39), in the second. All four locations represented medium elevation sites. At the 55% similarity value, a large number of locations were grouped giving rise to five clusters: Cluster I including Terbol in Lebanon (20) The dendrogram based on time to flowering revealed that a large number of locations amalgamated in a way similar to that for seed yield (Fig. 4) . However, some of locations like Jindiress (41) and Idleb (38) in Syria, amalgamated much earlier on time to flowering basis (Fig. 4) than seed yield (Fig. 
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In general, the grouping was weaker in 1986-87 closest associations occurred amongst locations in West Asia and southern Europe. Of the 22 locations that were common to both analyses, half grouped in the same way in both years. Locations in North Africa appear distinct from those in the above regions, but showed no consistent groupings amongst themselves. The seed yield data for the entries common to both years were pooled and a further analysis was carried out with data from all 52 locations that were used in one or both years. Four clusters formed at the 60% similarity index level (Fig. 5) and confirmed the groupings of the more diverse set of genotypes of the individual years. These clusters, encompassing 32 of the 52 locations, amalgamated at the 55% level of similarity index. years, 1985-86 and 1986-87. providing minimum-data set automatic weather stations to selected locations. Because of the limited size of the data set, and in particular its continuity, it was not possible to identify another cluster, group or zone which can help identification of other key sites.
